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EXTRACTION OF GENEALOGY DATA
FROM OBITUARIES

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims the benefit of prionty to U.S.
Provisional Patent Application No. 62/874,689 filed Jul. 16,

2019, entitled “EXTRACTION OF GENFALOGY DATA
FROM OBITUARIES,” the contents of which are herein
incorporated 1n their entirety.

BACKGROUND OF THE INVENTION

Genealogical databases can store genealogy data origi-
nating from a wide range ol sources. One such source
includes obituaries, which are news articles that report the
death of an individual, typically along with a brief account
of the individual’s life and possibly information regarding
the individual’s funeral. Obituaries have historically been
published 1n local newspapers upon the death of the indi-
vidual. Information contained in obituaries can provide a
valuable source of genealogical information as they often
include names of family members as well as dates and
locations of major life events. However, finding the obituary

ol a particular person and extracting information from this
obituary once 1t 1s found remains a labor-intensive, manual
process. No accurate, automated method 1s currently avail-
able to 1dentily obituaries, extract facts from the text of these
obituaries, and match them to individuals in a database.
Accordingly, new systems, methods, and other techniques
for extracting data from obituaries are needed.

BRIEF SUMMARY OF THE INVENTION

Examples given below provide a summary of the present
invention. As used below, any reference to a series of
examples 1s to be understood as a reference to each of those
examples disjunctively (e.g., “Examples 1-4” 1s to be under-
stood as “Examples 1, 2, 3, or 47).

Example 1 1s a computer-implemented method for
extracting data from obituaries, the method comprising:
receiving an image; recognizing text in the image; deter-
mimng that the 1image contains at least one obituary; seg-
menting the image 1nto a plurality of sections; determining
that a section of the plurality of sections contains an obituary
of the at least one obituary, the obituary containing a
plurality of words and corresponding to a deceased 1ndi-
vidual; and assigning, using an entity tagging machine
learning (ML) model, an enftity tag from a set of entity tags
to each of one or more words of the plurality of words,
wherein each particular entity tag from the set of entity tags
includes a relationship component and a category compo-
nent, wherein the relationship component indicates a rela-
tionship between a particular word of the plurality of words
to which the particular entity tag 1s assigned and the
deceased individual, and wherein the category component
indicates a categorization of the particular word to a par-
ticular category from a set of categories; wherein, prior to
assigning the entity tag, the enfity tagging ML model 1s
trained by: receiving a plurality of mput words correspond-
ing to an mput obituary; creating a first training set based on
the plurality of input words; training the entity tagging ML
model 1n a first stage using the first training set; creating a
second traiming set including a subset of the plurality of
input words to which entity tags were incorrectly assigned
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2

after the first stage; and training the entity tagging ML model
in a second stage using the second training set.

Example 2 1s the computer-implemented method of
example(s) 1, wherein the entity tagging ML model 1s a
neural network.

Example 3 1s the computer-implemented method of
example(s) 1-2, wherein the relationship component is

[ 1

selected from the group comprnsing: SELF, SPOUSE,
CHILD, SIBLING, and PARENT.

Example 4 1s the computer-implemented method of
example(s) 1-3, wherein the category component 1s selected
from the group comprising: PERSON, PLACE, DATE, and
AGE.

Example 5 1s the computer-implemented method of
example(s) 1-4, further comprising: predicting, using a
gender prediction ML model, a gender for each of the
plurality of words for which the category component of the
particular enftity tag that 1s assigned 1s PERSON.

Example 6 1s the computer-implemented method of
example(s) 1-3, further comprising: assigning, using a name
assignment ML model, a name part tag from a set of name
part tags to each of the plurality of words for which the
category component of the particular entity tag that is
assigned 1s PERSON, wherein the set of name part tags at
least includes GIVEN NAME, SURNAME, and MAIDEN
NAME.

Example 7 1s a computer-implemented method for
extracting data from obituaries, the method comprising:
receiving an obituary contaiming a plurality of words, the
obituary corresponding to a deceased individual; assigning,
using an entity tagging ML model, an entity tag from a set
of enftity tags to each of one or more words of the plurality
of words, wherein each particular entity tag from the set of
entity tags includes a relationship component and a category
component, wherein the relationship component indicates a
relationship between a particular word of the plurality of
words to which the particular entity tag i1s assigned and the
deceased individual, and wherein the category component
indicates a categorization of the particular word to a par-
ticular category from a set of categories.

Example 8 1s the computer-implemented method of
example(s) 7, wherein the entity tagging ML model 1s a
neural network.

Example 9 1s the computer-implemented method of
example(s) 7-8, wherein the relationship component 1is
selected from the group comprsing: SELF, SPOUSE,
CHILD, SIBLING, and PARENT.

Example 10 1s the computer-implemented method of
example(s) 7-9, wherein the category component 1s selected
from the group comprising: PERSON, PLACE, DATE, and
AGE.

Example 11 1s the computer-implemented method of
example(s) 7-10, further comprising: recerving an i1mage;
segmenting the image mto a plurality of sections; and
determining that a section of the plurality of sections con-
tains the obituary.

Example 12 1s the computer-implemented method of
example(s) 7-11, turther comprising: recognizing text in the
image.

Example 13 1s the computer-implemented method of
example(s) 7-12, wherein, prior to assigning the entity tag,
the enftity tagging ML model is trained by: receiving an input
obituary containing a plurality of input words; creating a
first traiming set based on the plurality of mput words;
training the entity tagging ML model 1n a first stage using the
first training set; creating a second training set including a
subset of the plurality of mput words to which entity tags
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were mcorrectly assigned after the first stage; and training
the entity tagging ML model 1n a second stage using the

second training set.

Example 14 i1s the computer-implemented method of
example(s) 7-13, further comprising: predicting, using a
gender prediction ML model, a gender for each of the
plurality of words for which the category component of the
particular entity tag that 1s assigned 1s PERSON.

Example 15 i1s the computer-implemented method of
example(s) 7-14, further comprising: assigning, using a
name assignment ML model, a name part tag from a set of
name part tags to each of the plurality of words for which the
category component of the particular enfity tag that is
assigned 1s PERSON, wherein the set of name part tags at
least includes GIVEN NAME and SURNAME.

Example 16 1s a non-transitory computer-readable
medium comprising mstructions that, when executed by one
Or more processors, cause the one or more processors to
perform operations comprising: receiving an obituary con-
taining a plurality of words, the obituary corresponding to a
deceased individual; assigning, using an entity tagging ML
model, an entity tag from a set of entity tags to each of one
or more words of the plurality of words, wherein each
particular entity tag from the set of entity tags includes a
relationship component and a category component, wherein
the relationship component indicates a relationship between
a particular word of the plurality of words to which the
particular entity tag 1s assigned and the deceased individual,
and wherein the category component indicates a categori-
zation of the particular word to a particular category from a
set of categories.

Example 17 1s the non-transitory computer-readable
medium of example(s) 16, wherein the entity tagging ML
model 1s a neural network.

Example 18 1s the non-transitory computer-readable
medium of example(s) 16-17, wherein the relationship com-
ponent 1s selected from the group comprising: SELF,
SPOUSE, CHILD, SIBLING, and PARENT.

Example 19 1s the non-transitory computer-readable
medium of example(s) 16-18, wherein the category compo-
nent 1s selected from the group comprising: PERSON,
PLACE, DATE, and AGE.

Example 20 1s the non-transitory computer-readable
medium of example(s) 16-19, wherein, prior to assigning the
entity tag, the enfity tagging ML model 1s trained by:
receiving an input obituary containing a plurality of input
words; creating a first training set based on the plurality of
input words; training the entity tagging ML model 1n a first
stage using the first training set; creating a second training
set including a subset of the plurality of input words to
which entity tags were incorrectly assigned after the first
stage; and training the entity tagging ML model 1n a second
stage using the second training set.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are mcluded to pro-
vide a further understanding of the invention, are incorpo-
rated 1n and constitute a part of this specification, illustrate
embodiments of the invention and together with the detailed
description serve to explain the principles of the mvention.
No attempt 1s made to show structural details of the imnven-
tion in more detail than may be necessary for a fundamental
understanding of the invention and various ways 1n which 1t
may be practiced.

FIG. 1 illustrates an example of various images and the
probabilities that a particular image contains an obituary.
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FIG. 2 illustrates an example of an 1mage that 1s seg-
mented nto multiple sections.

FIG. 3 illustrates various example steps for extracting
data from an article.

FIGS. 4A and 4B illustrate example entity tags that may
be assigned to words of an article.

FIG. § illustrates a system for extracting data from articles
such as obituaries.

FIGS. 6 A-6F illustrate example traiming steps for training
ML models.

FIG. 7 illustrates an example method for extracting data
from obituaries.

FIG. 8 illustrates an example method for extracting data
from obituaries.

FIG. 9 illustrates an example method for training an ML
model.

FIG. 10 illustrates an example method for extracting data
from articles.

FIG. 11 1illustrates an example computer system.

In the appended figures, similar components and/or fea-
tures may have the same numerical reference label. Further,
various components of the same type may be distinguished
by following the reference label with a letter or by following
the reference label with a dash followed by a second
numerical reference label that distinguishes among the simi-
lar components and/or features. If only the first numerical
reference label 1s used 1n the specification, the description 1s
applicable to any one of the similar components and/or
features having the same {irst numerical reference label
irrespective of the sullix.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Embodiments of the present disclosure provide for sys-
tems, methods, and other techniques for 1dentitying articles,
such as obituaries and wedding announcements, and extract-
ing entities and relationships from the text so as to match the
articles to individuals in a genealogical database. Such
techniques may be applied to various sources of obituaries
and wedding announcements. As one example, 1n some
embodiments of the present disclosure, a collection of
images ol newspaper pages are provided. As another
example, 1n some embodiments of the present disclosure, a
collection of text-only articles scraped from the Internet are
provided.

Regardless of the source of the articles, a variety of
categories of entities may be extracted from each article,
including persons, places, dates, and ages. Additionally,
cach entity may be categorized mnto a more granular type
which may describe the relationship between the entity and
the deceased person. In some embodiments, for the person
entity category, a prediction of the gender 1s also made.

While several embodiments of the present disclosure are
described 1n reference to obituaries, various embodiments
may include a wide variety of applications in which data
(e.g., genealogy data) 1s to be extracted from the text of a
historical document. For example, embodiments of the pres-
ent disclosure may be used to extract data from marriage
announcements, documents regarding sporting events,
weather reports, foreign exchange rates, stock prices, music
charts, ship docking reports, graduation lists, birth notices,
book bestseller lists, and the like.

FIG. 1 1illustrates an example of various images 102 and
probabilities 104 that a particular image contains an obitu-
ary, according to some embodiments of the present disclo-
sure. Images 102 may be retrieved from a source, such as a
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newspaper. In some embodiments, a machine learning (ML)
model 1s trained and subsequently used to determine
whether each of 1images 102 includes an obituary by gener-
ating probabilities 104. In some embodiments, each of
probabilities 104 1s compared to a threshold (for example,
0.90). Images 102 having a probability greater than the
threshold may be determined to include an obituary. For
example, because probabilities 104-1, 104-2 are greater than
the threshold, images 102-1, 102-2 may be determined to
include obituaries.

FIG. 2 illustrates an example of an image 202 that 1s
segmented 1nto multiple sections 204, according to some
embodiments of the present disclosure. In some embodi-
ments, an ML model 1s trained and subsequently used to
segment 1image 202 1nto sections 204. In some embodiments,
cach of sections 204 may contain a different obituary. In
some embodiments, image segmentation 1s performed as an
object detection task, where the objects to be detected are
sections and/or headings 1n 1mage 202.

FIG. 3 illustrates various example steps for extracting
data from an article, such as an obituary 306, according to
some embodiments of the present disclosure. In some
embodiments, a section 304 of an 1mage 302 may be
analyzed to determine that section 304 contains obituary 306
comprising multiple words 308. Words 308 may be analyzed
by an ML model to assign entity tags 310 to one or more of
words 308. Each of entity tags 310 may include a relation-
ship component and a category component. In some
embodiments, the relationship component may indicate a
relationship between the word and the deceased individual.
For example, the entity tag “PersonSelf” may include the
relationship component “Self” indicating that the word to
which the entity tag 1s assigned corresponds to the deceased
individual himself. As another example, the entity tag “Age-
Child” may include the relationship component “Child”
indicating that the word to which the entity tag 1s assigned
corresponds to the deceased 1individual’s child. Examples of
relationship components include, but are not limited to:
“Seltl”, “Spouse”, “Child”, “Sibling”, and “Parent™.

In some embodiments, the category component may
indicate a categorization of the word to a category from a set
of categories. For example, the entity tag “PersonSelf” may
include the category component “Person” indicating that the
word to which the entity tag 1s assigned corresponds to a
name of a person. As another example, the entity tag
“AgeChild” may include the category component “Age”
indicating that the word to which the entity tag 1s assigned
corresponds to an age ol a person. Examples of category
components include, but are not limited to: “Person”,
“Place”, “Date”, and “Age”. In some embodiments, different
category components can vary in their level of specificity.
For example, diflerent category components may include
sub-categories such as “Date-Birth”, “Date-Death™, “Date-
Bunal”, “Date-Marnage™, “Date-Residence”, “Place-Birth”,
“Place-Death™, “Place-Burial”, “Place-Marniage™, “Place-
Residence”, and the like.

In some embodiments, gender tags 312 may be assigned
to each of words 308 for which an entity tag was assigned
having a category component of “Person”. For example,
words 308 may be analyzed by an ML model to assign
gender tags 312 to one or more of words 308. Examples of
gender tags 312 include “Male”, “Female”, “Unknown”, and
“Other”.

In some embodiments, name part tags 314 may be
assigned to each of words 308 for which an enftity tag was
assigned having a category component of “Person”. For
example, words 308 may be analyzed by an ML model to
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assign name part tags 314 to one or more of words 308.
Examples of name part tags 314 include “Given Name”,
“Surname”, “Maiden Name”, and “Suihx”. The resulting
data from assigning entity tags 310, gender tags 312, and
name part tags 314 may be summarized and/or synthesized
to create synthesized data 316, which may be stored 1n a
genealogical database.

FIGS. 4A and 4B illustrate example entity tags 400 that
may be assigned to words of an article, according to some
embodiments of the present disclosure. Specifically, entity
tags 400A may be assigned to words of an obituary and
entity tags 400B may be assigned to words of a marriage
announcement. Each of entity tags 400 may include a
relationship component and a category component.

FIG. § illustrates a system 500 for extracting data from
articles such as obituaries, according to some embodiments
of the present disclosure. In some embodiments, an 1mage
501 (e.g., an 1image of a page ol a newspaper) 1s recerved by
system 500. The text in image 501 may then be recognized
by a text recognizer 502. In some embodiments, text rec-
ognizer 302 1s implemented by optical character recognition
(OCR) software. Text recognizer 502 may output the text in
image 301 and the X- and Y-coordinates of each word 1n the
text. In some embodiments, text recognizer 502 additionally
outputs image 301.

In some embodiments, system 500 includes a page-based
identification ML model 504 for determining whether image
501 contains at least one article such as an obituary. In some
embodiments, the output of page-based identification ML
model 504 1s a binary output (e.g., yes or no). In some
embodiments, the output 1s a probability indicating a like-
lihood that image 501 contains at least one obituary. In some
embodiments, the probability may be compared to a thresh-
old. If the probability 1s greater than the threshold, then it 1s
determined that image 501 contains at least one obituary. In
some embodiments, page-based identification ML model
504 1s a neural network, such as a convolutional neural
network. One purpose of page-based i1dentification ML
model 504 1s to filter out pages that do not contain obituaries
from being processed by the later steps in the pipeline,
thereby reducing processing time and cost.

In some embodiments, system 500 includes a segmenta-
tion ML model 506 for segmenting image 501 into multiple
sections, with each section possibly containing a different
obituary. In some embodiments, the output of segmentation
ML model 506 includes a set of predicted bounding boxes,
cach corresponding to a single article or heading. In some
embodiments, the output of segmentation ML model 506
turther includes a probabaility for each of the sections cor-
responding to a confidence in the segmentation for that
particular section. In some embodiments, the probability
may be compared to a threshold. In some embodiments,
segmentation ML model 506 treats the segmentation task as
an object detection task. In some embodiments, segmenta-
tion ML model 506 1s a neural network, such as a convo-
lutional neural network. In some embodiments, the words
recognized 1 1mage 501 that are within each section are
identified based on their X- and Y-coordinates.

In some embodiments, system 500 includes a section-
based 1dentification ML model 508 for determining whether
a particular section of 1mage 501 contains an obituary. In
some embodiments, the output of section-based 1dentifica-
tion ML model 508 1s multiple binary outputs (e.g., yes or
no), one for each section. In some embodiments, the output
1s a probability indicating a likelihood that the particular
section of 1mage 501 contains an obituary. In some embodi-
ments, the probability may be compared to a threshold. If the
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probability 1s greater than the threshold, then 1t 1s determined
that the particular section of image 501 contains an obituary.
In some embodiments, section-based identification ML
model 508 1s a neural network, such as a convolutional
neural network.

In some embodiments, system 500 includes a data extrac-
tion pipeline 510, which recerves a plurality of words of an
obituary 509 as input. In some embodiments, data extraction
pipeline 510 includes an entity tagging ML model 512 for
assigning an enftity tag from a set of entity tags to each of one
or more words of the obituary. For example, entity tagging
ML model 512 may assign a single or multiple entity tags to
cach of a few, most, or all of the words of the obituary. Each
word may correspond to an entity or a part of an entity. An
entity may correspond to one or more words. The entity tags
may indicate whether or not the token (e.g., words) are part
of an enfity. In an embodiment, entity tagging ML model 512
identifies entities based on assigned entity tags to one or
more words. In some embodiments, the entity tag may
include a relationship component, a category component, as
well as an indication whether the token 1s the first item in
that entity. As an example, 1n reference to FIG. 3, Kenneth
George Cannon 1s a Person entity. The word Cannon 1s
assigned the entity tag “I-PersonSelf” to indicate that 1t 1s
part of the entity. Entity tagging ML model 512 assigns the
tag “PersonSelfl” to entity Kenneth George Cannon. In some
embodiments, entity tagging ML model 512 1s a neural
network, such as a convolutional neural network.

Optionally, 1n some embodiments, system 500 includes a
relationship extraction model 522 for classifying relation-
ships between each of the entities, which may be used to
establish the relationship component of the entity tags. For
example, for pairs of entities identified by entity tagging ML
model 512, relationship extraction model 522 can classily
cach pair as either having a relationship from a plurality of
relationships, or as not having one of the relationships.
Classification may be performed using methods including
logistic regression, support vector machines, or a ML based
method such as a convolutional neural network (CNN),
recurrent neural network (RNN), or the like. As an example,
consider that three persons “Personl”, “Person2”, and “Per-
son3” have been tagged 1n a certain article. “Personl” 1s the
daughter of “Person2” and “Person3”, who are married.
Consider that there are two possible relationships that rela-
tionship extraction model 522 i1s interested 1n extracting,
“ChildOf” and “SpouseO1”. For each ordered pair of Per-
sons, relationship extraction model 522 would classity the
relationship as “ChildO1”, “SpouseO1”, or “None”. The
result 1 this example would be:

“Personl1”-“Person2’: “ChildOt”
“Personl1”-“Person?’’’: “ChildOt”
“Person?2”-‘Personl’”: “None”
“Person2”-“Person3”: “SpouseO1”
“Person?’”’-““Personl’: “None”
“Person3”-“Person2”: “SpouseO1”

In some embodiments, relationship extraction model 522
can classily relationships between entities for other entity
types, 1.e., for entities having category components other
than “Person”, such as “Place”, “Date”, and “Age”. In some
embodiments, relationship extraction model 522 can classity
relationships between entities of two diflerent entity types.

As one example, the relationship between the entities
“Datel” and “Personl” may be classified as “Datel”-—
“Personl”: “BirthDateO1”

In some embodiments, system 3500 includes a gender
prediction ML model 514 for predicting a gender for each
the words of the obituary that correspond to a name of a
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person. In some embodiments, a gender 1s predicted for each
of the words for which the category component of the entity
tag that was assigned 1s “Person”. In some embodiments,
gender prediction ML model 514 1s a neural network, such
as a convolutional neural network.

In some embodiments, system 500 includes a name
assignment ML model 516 for assignment a name part tag
from a set ol name part tags to each the words of the obituary
that correspond to a name of a person. In some embodi-
ments, a name tag part 1s assigned to each of the words for
which the category component of the enftity tag that was
assigned 1s “Person”. In some embodiments, name assign-
ment ML model 516 1s a neural network, such as a convo-
lutional neural network.

In some embodiments, system 500 includes a data syn-
thesizer 518 for summarizing and synthesizing the data
generated by data extraction pipeline 510. In some embodi-
ments, facts or data that are redundant, conflicting, or
missing information are resolved. For example, multiple
versions ol a fact may be present. As an example, the
deceased imndividual’s given name may be found 1n multiple
versions, such as Richard, Dick, Pops, Lelty, etc. Versions
may also include typos due to optical character recognition
errors. Other facts such as the place of death of the deceased
individual may be extracted more than once (e.g., “Califor-
nia” and “Sonoma” being found in different parts of an
article). Data synthesizer 518 may synthesize all facts and
data extracted from an obituary and package them into a
format that can be used for database queries of a genealogi-
cal database 520. Data synthesizer 518 can also perform
some 1nferences 1 which missing information 1s supplied
from publication metadata. For example, some obituaries
may not iclude the year of death, which can be inferred to
be the year of publication of the article. Data extracted from
the obituary can then be stored in a genealogical database
520, possibly 1n conjunction with the obituary itself.

FIGS. 6 A-6F illustrate example traiming steps for training
the ML models of system 500, according to some embodi-
ments ol the present disclosure. The ML models may be
trained sequentially 1n the 1llustrated order so as to improve
the functionality of each individual ML model.

FIG. 6A illustrates a diagram showing an example train-
ing phase ol page-based identification ML model 504.
During the training phase, an output 602A indicating
whether an input 1mage contains at least one obituary 1s
generated. A user may examine the mput image and create
an output label 604 A through a computer 1nterface idicat-
ing whether the user believes that the mput 1image contains
at least one obituary. Output 602A 1s compared to output
label 604A to generate an error 606 A, which may represent
the difference between output 602A and output label 604 A.
In some 1nstances, page-based 1dentification ML model 504
1s then modified by a modifier 608A based on error 606A.
Modifier 608 A may change weights associated with page-
based identification ML model 504 such that output 602A
better approximates output label 604 A during a subsequent
inference. This process 1s then repeated for multiple 1nput
images and user-provided labels.

FIG. 6B 1llustrates a diagram showing an example train-
ing phase ol segmentation ML model 506. During the
training phase, an output 602B including a segmentation of
an mput 1image nto a plurality of sections 1s generated. A
user may examine the mput image and create an output label
6048 through a computer interface that includes a plurality
of user-provided sections. For example, the user may draw
bounding boxes within the mput image at locations where
the user believes a section to exist. Output 602B 1s compared
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to output label 604B to generate an error 6068, which may
represent the difference between output 602B and output
label 604B, such as a diference in the number of sections
and/or a difference 1n the text encompassed by individual
sections. In some instances, segmentation ML model 506 1s
then modified by a modifier 608B based on error 606B.
Modifier 608B may change weights associated with seg-
mentation ML model 506 such that output 602B better
approximates output label 604B during a subsequent infer-
ence. This process 1s then repeated for multiple input images
and user-provided labels.

FIG. 6C illustrates a diagram showing an example train-
ing phase of section-based identification ML model 508.
During the training phase, an output 602C indicating
whether an 1nput section of an mput 1image contains an
obituary 1s generated. A user may examine the input section
and create an output label 604C through a computer inter-
face indicating whether the user believes that the input
section contains an obituary. Output 602C 1s compared to
output label 604C to generate an error 606C, which may
represent the difference between output 602C and output
label 604C. In some instances, section-based 1dentification
ML model 508 1s then modified by a modifier 608C based
on error 606C. Modifier 608C may change weights associ-
ated with section-based 1dentification ML model 508 such
that output 602C better approximates output label 604C
during a subsequent inference. This process 1s then repeated
for multiple 1put sections and user-provided labels.

FIG. 6D illustrates a diagram showing an example train-
ing phase of entity tagging ML model 512. During the
training phase, an output 602D including one or more entity
tag assignments to iput words of an mput obituary are
generated. The obituary may be text recognized from a
newspaper, as well as text scraped from the web. A user may
examine the mput words of the mnput obituary and create an
output label 604D through a computer interface including
user-provided entity tags. For examine, the user may believe
that a particular input word corresponds to the deceased
individual’s name and may accordingly assign the entity tag
“PersonSelf” to the word. Output 602D 1s compared to
output label 604D to generate an error 606D, which may
represent the difference between output 602D and output
label 604D. In some 1nstances, entity tagging ML model 512
1s then modified by a modifier 608D based on error 606D.
Modifier 608D may change weights associated with entity
tagging ML model 3512 such that output 602D better
approximates output label 604D during a subsequent infer-
ence. This process 1s then repeated for multiple mnput obitu-
aries and user-provided labels.

In some embodiments, entity tagging ML model 512 1s
trained using 1mput words of an input document. In such
embodiments, a user may examine the mput words of the
input document and create output label 604D. For examine,
the user may believe that a particular mput word corre-
sponds to the individual to whom the document pertains, and
may accordingly assign the entity tag “PersonSelf” to the
word.

FIG. 6F illustrates a diagram showing an example train-
ing phase of gender prediction ML model 514. During the
training phase, an output 602F indicating predicted genders
for 111put words of an input obituary 1s generated. A user may
examine the mput words and create an output label 604E
through a computer interface including user-provided gen-
ders. Output 602E 1s compared to output label 604E to
generate an error 606E, which may represent the diflerence
between output 602E and output label 604E. In some
instances, gender prediction ML model 514 1s then modified
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by a modifier 608E based on error 606E. Modifier 608E may
change weights associated with gender prediction ML model
514 such that output 602E better approximates output label
604E during a subsequent inference. This process 1s then
repeated for multiple input words and user-provided labels.
In some embodiments, gender prediction ML model 514 1s
trained using mput WOI‘dS of an 111put document.

FIG. 6F 1llustrates a diagram showing an example training,
phase of name assignment ML model 316. During the
training phase, an output 602F including one or more name
part tag assignments to input words of an input obituary are
generated. A user may examine the mput words and create
an output label 604F through a computer iterface including
user-provided name part tags. Output 602F 1s compared to
output label 604F to generate an error 606F, which may
represent the difference between output 602F and output
label 604F. In some 1nstances, name assignment ML model
516 1s then modified by a modifier 608F based on error 606F.
Modifier 608F may change weights associated with name
assignment ML model 516 such that output 602F better
approximates output label 604F during a subsequent infer-
ence. This process 1s then repeated for multiple imnput words
and user-provided labels. In some embodiments, name
assignment ML model 516 i1s trained using input words of an
input document.

FIG. 7 illustrates an example method 700 for extracting
data from articles, according to some embodiments of the
present disclosure. One or more steps of method 700 may be
performed in an order different than that shown 1n FIG. 7,
and one or more steps ol method 700 may be omitted during
performance of method 700. In some embodiments, method
700 may be a method for extracting data from obituaries or
wedding announcements, among other possibilities.

At step 702, an 1mage (e.g., images 102, 202, 302, 501)
1s received. In some embodiments, the image 1s received by
a system (e.g., system 500).

At step 704, text 1in the 1mage i1s recognized. In some
embodiments, the text 1n the 1image 1s recognized by a text
recognizer (e.g., text recognizer 502).

At step 706, it 1s determined that the 1mage includes at
least one article, such as an obituary (e.g., obituary 306) or
a wedding announcement, among other possibilities. In
some embodiments, method 700 includes determining
whether the 1mage includes at least one article. If 1t 1s
determined that the 1mage includes at least one article, then
method 700 proceeds to step 708. In some embodiments, an
ML model (e.g., page-based identification model 504) 1S
used to determine that the image includes at least one article.

At step 708, the 1image 1s segmented 1nto a plurality of
sections (e.g., sections 204, 304). In some embodiments, an
ML model (e.g., segmentation ML model 506) 1s used to
segment the 1mage 1nto a plurality of sections.

At step 710, a number of steps are performed for each of
the plurality of sections. In some embodiments, step 712 and
possibly steps 714 and 716 are performed for each of the
plurality of sections.

At step 712, 1t 1s determined whether a section contains an
article, such as an obituary (e.g., obituary 306) or a wedding
announcement, among other possibilities. If 1s determined
that the section does not contain an article, such as an
obituary or a wedding announcement, then that section 1s
skipped and step 712 1s performed for the next section. If it
1s determined that the section contains an article, such as an
obituary or a wedding announcement, then method 700
proceeds to step 714. In some embodiments, an ML model
(e.g., section-based 1dentification ML model 508) 15 used to
determine whether the section contains an article.
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At step 714, data extraction 1s performed on the section.
In some embodiments, performing step 714 includes per-
forming one or more steps of method 800.

At step 716, the data extracted from the section 1s stored
in a database (e.g., genealogical database 520).

FIG. 8 illustrates an example method 800 for extracting
data from articles, according to some embodiments of the
present disclosure. One or more steps of method 800 may be
performed 1n an order different than that shown in FIG. 8,
and one or more steps of method 800 may be omitted during
performance of method 800. In some embodiments, method
800 may be a method for extracting data from obituaries or
wedding announcements, among other possibilities.

At step 802, a plurality of words (e.g., words 308)
corresponding to an input article are received. The input
article may be an obituary (e.g., obituaries 306, 509) or a
marriage announcement, among other possibilities. In some
embodiments, the obituary corresponds to a deceased indi-
vidual. In some embodiments, the plurality of words are
received by a data extraction pipeline (e.g., data extraction
pipeline 510).

At step 804, an entity tag from a set of enftity tags (e.g.,
entity tags 310, 400) 1s assigned to each of one or more
words of the plurality of words. In some embodiments, each
particular entity tag from the set of entity tags includes a
relationship component and a category component. In some
embodiments, the relationship component indicates a rela-
tionship between a particular word of the plurality of words
to which the particular entity tag 1s assigned and a reference
individual, such as the deceased individual. In some embodi-
ments, the category component indicates a categorization of
the particular word to a particular category from a set of
categories. In some embodiments, the entity tag 1s assigned
by an ML model (e.g., entity tagging ML model 512). In
some embodiments, the relationship component indicates a
relationship between the particular word and an individual to
whom a document pertains. In some embodiments, the set of
entity tags 1s dependent on the type of the input article. For
example, the set of entity tags may be different for an
obituary (e.g., entity tags 400A) than for a wedding
announcement (e.g., entity tags 400B). In such embodi-
ments, the type of the mnput article may be determined and
the set of enfity tags may be selected (or filtered/reduced)
based on the article type.

At step 806, a gender 1s optionally predicted for each of
the plurality of words. In some embodiments, a gender 1s
predicted for each of the plurality of words for which the
category component of the particular entity tag that is
assigned 1s “Person”. In some embodiments, predicting a
gender for a word includes assigning a gender tag (e.g.,
gender tags 312) to the word. In some embodiments, the
gender 1s predicted by an ML model (e.g., gender prediction
ML model 514).

At step 808, a name part tag (e.g., name part tags 314)
from a set of name part tags 1s optionally assigned to each
of the plurality of words. In some embodiments, a name part
tag from a set of name part tags 1s assigned to each of the
plurality of words for which the category component of the
particular entity tag that 1s assigned 1s “Person”. In some
embodiments, the name part tag 1s assigned by an ML model
(e.g., name assignment ML model 516)

At step 810, synthesized data (e.g., synthesized data 316)
1s created for database storage. In some embodiments,
creating the synthesized data includes summarizing and/or
synthesizing the extracted data. In some embodiments, the
synthesized data 1s created by a data synthesizer (e.g., data
synthesizer 518).
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FIG. 9 illustrates an example method 900 for training an
ML model (e.g., entity tagging ML model 512), according to
some embodiments of the present disclosure. In some
embodiments, the ML model 1s a neural network, such as a
convolutional neural network. One or more steps of method
900 may be performed in an order diflerent than that shown
in FIG. 9, and one or more steps of method 900 may be
omitted during performance of method 900.

At step 902, a plurality of mput words (e.g., words 308)
corresponding to an input article are received. The nput
article may be an obituary (e.g., obituaries 306, 509) or a
marriage announcement, among other possibilities.

At step 904, a first training set 1s created based on the
plurality of input words. In some embodiments, the first
training set may include the plurality of input words.

At step 906, the ML model 1s trained 1n a first stage using
the first training set. In some embodiments, training the ML
model 1n the first stage includes assigning, using the ML
model, an entity tag (e.g., enfity tags 310) from a set of entity
tags (e.g., entity tags 400) to each of one or more words of

the plurality of input words.

At step 908, user input providing an entity tag label 1s
received. In some embodiments, a user may provide the user
input through a computer interface. In some embodiments,
the user may examine the plurality of mput words on a
display device and may create an entity tag label from the set
of entity tags, which may be treated as ground truth for
training purposes.

At step 910, a second training set 1s created including a
subset of the plurality of mput words to which enfity tags
were 1ncorrectly assigned after the first stage. In some
embodiments, the second training set includes an error (e.g.,
error 606) between the entity tag and the enfity tag label.

At step 912, the ML model 1s trained 1n a second stage
using the second training set. In some embodiments, training

the ML model 1n the second stage includes modifying the
MI

FIG. 10 illustrates an example method 1000 for extracting,
data from articles, according to some embodiments of the
present disclosure. One or more steps of method 1000 may
be performed 1n an order different than that shown 1n FIG.
10, and one or more steps of method 1000 may be omitted
during performance of method 1000. In some embodiments,
method 1000 may be a method for extracting data from
obituaries or wedding announcements, among other possi-
bilities. One or more steps of method 1000 may be per-
formed 1n conjunction with one or more steps of any of the
methods described herein.

At step 1002, 1t 1s determined whether an 1mage (e.g.,
images 102, 202, 302, 501) contains an article of interest.
The article of interest may one or more of various article
types, such as an obituary and/or a marriage announcement.
For example, it may be determined whether the image
includes at least one obituary or at least one marriage
announcement. In some embodiments, the 1image 1s received
by a system (e.g., system 500). If 1t 1s determined that the
image contains an article of interest, then method 1000
proceeds to step 1004,

At step 1004, the image 1s segmented into a plurality of
sections (e.g., sections 204, 304). In some embodiments, an
ML model (e.g., segmentation ML model 506) 1s used to
segment the image into a plurality of sections. The remain-
ing steps ol method 1000 may be performed for each section
of the plurality of sections.

At step 1006, 1t 15 determined whether a section of the
plurality of sections 1s a list. If 1t 1s determined that the
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section 1s a list, then method 1000 proceeds to step 1008. It
it 1s determined that the section 1s not a list, then method
1000 proceeds to step 1010.

At step 1008, 1t 1s determined whether the list contains an
article of interest, such as an obituary or a marriage
announcement. If 1t 1s determined that the list contains an
article of interest, then method 1000 proceeds to step 1012.
IT 1t 1s determined that the list does not contain article of
interest, then method 1000 returns to step 1006 for the next
section of the plurality of sections.

Atstep 1010, 1t 1s determined whether the section contains
an article of interest, such as an obituary or a marriage
announcement. Alternatively or additionally, 1t may be
determined which article of interest the section includes. If
it 1s determined that the section contains a marriage
announcement (which may be referred to as a first article of
interest, or “Al(1)”), then method 1000 proceeds to step
1016. I1 1t 15 determined that the section contains an obituary
(which may be referred to as a second article of interest, or
“Al(2)”), then method 1000 proceeds to step 1020. If 1t 1s
determined that the section contains an N? article of interest,
or “AI(N)”, then method 1000 proceeds to step 1024.

At step 1012, a l1st segmentation 1s performed to produce
segments 1014. In some embodiments, each of segments
1014 may include extractable data similar to an obituary or
a marriage announcement as described herein. Segments
1014 may be used at steps 1016, 1020, or 1024, depending,
on which article of interest segments 1014 include.

At step 1016, fact extraction 1s performed on one or more
marriage announcements to produce marriage facts 1018. In
some embodiments, performing step 1016 includes perform-
ing one or more steps of method 800. For example, marrage
facts 1018 may include one or more enftity tags (e.g., entity
tags 310, 400), gender tags (e.g., gender tags 312), and/or
name part tags (e.g., name part tags 314) assigned to one or
more words of a marriage announcement.

At step 1018, fact extraction 1s performed on one or more
obituaries to produce obituary facts 1022. In some embodi-
ments, performing step 1020 includes performing one or
more steps of method 800. For example, obituary facts 1022
may include one or more enfity tags (e.g., entity tags 310,
400), gender tags (e.g., gender tags 312), and/or name part
tags (e.g., name part tags 314) assigned to one or more words
ol an obituary.

At step 1024, fact extraction 1s performed on one or more
articles to produce facts 1026. In some embodiments, per-
forming step 1024 includes performing one or more steps of
method 800.

FIG. 11 illustrates an example computer system 1100
comprising various hardware elements, according to some
embodiments of the present disclosure. Computer system
1100 may be incorporated into or integrated with devices
described herein and/or may be configured to perform some
or all of the steps of the methods provided by various
embodiments. For example, in various embodiments, com-
puter system 1100 may be incorporated into system 500
and/or may be configured to perform methods 700, 800, 900,
and/or 1000. It should be noted that FIG. 11 1s meant only
to provide a generalized illustration of various components,
any or all of which may be utilized as appropnate. FIG. 11,
therefore, broadly illustrates how individual system ele-
ments may be mmplemented 1 a relatively separated or
relatively more integrated manner.

In the 1llustrated example, computer system 1100 includes
a communication medium 1102, one or more processor(s)
1104, one or more 1nput device(s) 1106, one or more output
device(s) 1108, a communications subsystem 1110, and one
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or more memory device(s) 1112. Computer system 1100
may be implemented using various hardware implementa-
tions and embedded system technologies. For example, one
or more elements of computer system 1100 may be imple-
mented as a field-programmable gate array (FPGA), such as
those commercially available by XILINX®, INTEL®, or
LATTICE SEMICONDUCTOR®, a system-on-a-chip
(SoC), an application-specific integrated circuit (ASIC), an
application-specific standard product (ASSP), a microcon-
troller, and/or a hybrid device such as an SoC FPGA, among
other possibilities.

The various hardware elements of computer system 1100
may be coupled via communication medium 1102. While
communication medium 1102 1s illustrated as a single con-
nection for purposes of clarity, it should be understood that
communication medium 1102 may include various numbers
and types of communication media for transferring data
between hardware elements. For example, communication
medium 1102 may 1include one or more wires (e.g., conduc-
tive traces, paths, or leads on a printed circuit board (PCB)
or integrated circuit (IC), microstrips, striplines, coaxial
cables, etc.), one or more optical waveguides (e.g., optical
fibers, strip waveguides, etc.), one or more wireless connec-
tions or links (e.g., infrared wireless communication, radio
communication, microwave wireless communication, etc.),
among other possibilities.

In some embodiments, communication medium 1102 may
include one or more buses connecting pins of the hardware
clements of computer system 1100. For example, commu-
nication medium 1102 may include a bus connecting pro-
cessor(s) 1104 with main memory 1114, referred to as a
system bus, and a bus connecting main memory 1114 with
iput device(s) 1106 or output device(s) 1108, referred to as
an expansion bus. The system bus may consist of several
clements, including an address bus, a data bus, and a control
bus. The address bus may carry a memory address from
processor(s) 1104 to the address bus circuitry associated
with main memory 1114 1n order for the data bus to access
and carry the data contained at the memory address back to
processor(s) 1104. The control bus may carry commands
from processor(s) 1104 and return status signals from main
memory 1114. Each bus may include multiple wires for
carryving multiple bits of immformation and each bus may
support serial or parallel transmission of data.

Processor(s) 1104 may include one or more central pro-
cessing units (CPUs), graphics processing units (GPUs),
neural network processors or accelerators, digital signal
processors (DSPs), and/or the like. A CPU may take the form
ol a microprocessor, which 1s fabricated on a single IC chip
ol metal-oxide-semiconductor field-effect transistor (MOS-
FET) construction. Processor(s) 1104 may include one or
more multi-core processors, in which each core may read
and execute program instructions simultaneously with the
other cores.

Input device(s) 1106 may include one or more of various
user mput devices such as a mouse, a keyboard, a micro-
phone, etc., as well as various sensor mput devices, such as
an 1mage capture device, a pressure sensor (€.g., barometer,
tactile sensor, etc.), a temperature sensor (e.g., thermometer,
thermocouple, thermistor, etc.), a movement sensor (e.g.,
accelerometer, gyroscope, tilt sensor, etc.), a light sensor
(e.g., photodiode, photodetector, charge-coupled device,
etc.), and/or the like. Input device(s) 1106 may also include
devices for reading and/or receiving removable storage
devices or other removable media. Such removable media
may include optical discs (e.g., Blu-ray discs, DVDs, CDs,
etc.), memory cards (e.g., CompactFlash card, Secure Digi-
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tal (SD) card, Memory Stick, etc.), tfloppy disks, Universal
Serial Bus (USB) flash dnives, external hard disk drives

(HDDs) or solid-state drives (SSDs), and/or the like.

Output device(s) 1108 may include one or more of various
devices that convert information into human-readable form,
such as without limitation a display device, a speaker, a
printer, and/or the like. Output device(s) 1108 may also
include devices for writing to removable storage devices or
other removable media, such as those described 1n reference
to mput device(s) 1106. Output device(s) 1108 may also
include various actuators for causing physical movement of
one or more components. Such actuators may be hydraulic,
pneumatic, electric, etc., and may be provided with control
signals by computer system 1100.

Communications subsystem 1110 may include hardware
components for connecting computer system 1100 to sys-
tems or devices that are located external computer system
1100, such as over a computer network. In various embodi-
ments, communications subsystem 1110 may include a
wired communication device coupled to one or more mnput/
output ports (e.g., a umversal asynchronous receiver-trans-
mitter (UART), etc.), an optical communication device (e.g.,
an optical modem, etc.), an iirared communication device,
a radio communication device (e.g., a wireless network
interface controller, a BLUETOOTH® device, an IFEE
802.11 device, a Wi1-F1 device, a Wi-Max device, a cellular
device, etc.), among other possibilities.

Memory device(s) 1112 may include the various data
storage devices of computer system 1100. For example,
memory device(s) 1112 may include various types of com-
puter memory with various response times and capacities,
from faster response times and lower capacity memory, such
as processor registers and caches (e.g., LO, L1, L2, etc.), to
medium response time and medium capacity memory, such
as random access memory, to lower response times and
lower capacity memory, such as solid state drives and hard
drive disks. While processor(s) 1104 and memory device(s)
1112 are 1llustrated as being separate elements, i1t should be
understood that processor(s) 1104 may include varying
levels of on-processor memory such as processor registers
and caches that may be utilized by a single processor or
shared between multiple processors.

Memory device(s) 1112 may include main memory 1114,
which may be directly accessible by processor(s) 1104 via
the memory bus of communication medium 1102. For
example, processor(s) 1104 may continuously read and
execute 1structions stored 1 main memory 1114. As such,
various soitware elements may be loaded into main memory
1114 to be read and executed by processor(s) 1104 as
illustrated 1n FIG. 11. Typically, main memory 1114 1is
volatile memory, which loses all data when power 1s turned
ofl and accordingly needs power to preserve stored data.
Main memory 1114 may further include a small portion of
non-volatile memory containing software (e.g., firmware,
such as BIOS) that 1s used for reading other software stored
in memory device(s) 1112 into main memory 1114. In some
embodiments, the volatile memory of main memory 1114 1s
implemented as random-access memory (RAM), such as
dynamic RAM (DRAM), and the non-volatile memory of
main memory 1114 i1s implemented as read-only memory
(ROM), such as tlash memory, erasable programmable read-
only memory (EPROM), or electrically erasable program-
mable read-only memory (EEPROM).

Computer system 1100 may include soiftware elements,
shown as being currently located within main memory 1114,
which may include an operating system, device driver(s),
firmware, compilers, and/or other code, such as one or more
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application programs, which may include computer pro-
grams provided by various embodiments of the present
disclosure. Merely by way of example, one or more steps
described with respect to any methods discussed above,
might be implemented as instructions 1116 executable by
computer system 1100. In one example, such instructions
1116 may be received by computer system 1100 using
communications subsystem 1110 (e.g., via a wireless or
wired signal carrying instructions 1116), carried by commu-
nication medium 1102 to memory device(s) 1112, stored
within memory device(s) 1112, read nto main memory
1114, and executed by processor(s) 1104 to perform one or
more steps of the described methods. In another example,
istructions 1116 may be received by computer system 1100
using mput device(s) 1106 (e.g., via a reader for removable
media), carried by communication medium 1102 to memory
device(s) 1112, stored within memory device(s) 1112, read
into main memory 1114, and executed by processor(s) 1104
to perform one or more steps of the described methods.

In some embodiments of the present disclosure, instruc-
tions 1116 are stored on a computer-readable storage
medium, or simply computer-readable medium. Such a
computer-readable medium may be non-transitory, and may
therefore be referred to as a non-transitory computer-read-
able medium. In some cases, the non-transitory computer-
readable medium may be incorporated within computer
system 1100. For example, the non-transitory computer-
readable medium may be one of memory device(s) 1112, as
shown 1n FIG. 11 with instructions 1116 being stored within
memory device(s) 1112. In some cases, the non-transitory
computer-readable medium may be separate from computer
system 1100. In one example, the non-transitory computer-
readable medium may a removable media provided to input
device(s) 1106, such as those described 1n reference to mput
device(s) 1106, as shown 1n FIG. 11 with mnstructions 1116
being provided to mput device(s) 1106. In another example,
the non-transitory computer-readable medium may a com-
ponent of a remote electronic device, such as a mobile
phone, that may wirelessly transmit a data signal carrying
istructions 1116 to computer system 1100 using commu-
nications subsystem 1116, as shown 1n FIG. 11 with 1nstruc-
tions 1116 being provided to communications subsystem
1110.

Instructions 1116 may take any suitable form to be read
and/or executed by computer system 1100. For example,
instructions 1116 may be source code (written 1n a human-
readable programming language such as Java, C, C++, CH#,
Python, etc.), object code, assembly language, machine
code, microcode, executable code, and/or the like. In one
example, instructions 1116 are provided to computer system
1100 1n the form of source code, and a compiler 1s used to
translate instructions 1116 from source code to machine
code, which may then be read into main memory 1114 for
execution by processor(s) 1104. As another example,
instructions 1116 are provided to computer system 1100 1n
the form of an executable file with machine code that may
immediately be read into main memory 1114 for execution
by processor(s) 1104. In various examples, instructions 1116
may be provided to computer system 1100 1n encrypted or
unencrypted form, compressed or uncompressed form, as an
installation package or an initialization for a broader sofit-
ware deployment, among other possibilities.

In one aspect of the present disclosure, a system (e.g.,
computer system 1100) 1s provided to perform methods 1n
accordance with various embodiments of the present disclo-
sure. For example, some embodiments may include a system
comprising one or more processors (e.g., processor(s) 1104)
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that are communicatively coupled to a non-transitory com-
puter-readable medium (e.g., memory device(s) 1112 or
main memory 1114). The non-transitory computer-readable
medium may have instructions (e.g., instructions 1116)
stored therein that, when executed by the one or more
processors, cause the one or more processors to perform the
methods described in the various embodiments.

In another aspect of the present disclosure, a computer-
program product that includes instructions (e.g., mstructions
1116) 1s provided to perform methods 1n accordance with
vartous embodiments of the present disclosure. The com-
puter-program product may be tangibly embodied in a
non-transitory computer-readable medium (e.g., memory
device(s) 1112 or main memory 1114). The instructions may
be configured to cause one or more processors (€.g., pro-
cessor(s) 1104) to perform the methods described in the

various embodiments.

In another aspect of the present disclosure, a non-transi-
tory computer-readable medium (e.g., memory device(s)
1112 or main memory 1114) 1s provided. The non-transitory
computer-readable medium may have instructions (e.g.,
instructions 1116) stored therein that, when executed by one
or more processors (e.g., processor(s) 1104), cause the one
or more processors to perform the methods described in the
various embodiments.

The methods, systems, and devices discussed above are
examples. Various configurations may omit, substitute, or
add various procedures or components as appropriate. For
instance, i alternative configurations, the methods may be
performed 1n an order different from that described, and/or
various stages may be added, omitted, and/or combined.
Also, features described with respect to certain configura-
tions may be combined in various other configurations.
Different aspects and elements of the configurations may be
combined in a similar manner. Also, technology evolves
and, thus, many of the elements are examples and do not
limit the scope of the disclosure or claims.

Specific details are given in the description to provide a
thorough understanding of exemplary configurations includ-
ing implementations. However, configurations may be prac-
ticed without these specific details. For example, well-
known circuits, processes, algorithms, structures, and
techniques have been shown without unnecessary detail in
order to avoid obscuring the configurations. This description
provides example configurations only, and does not limit the
scope, applicability, or configurations of the claims. Rather,
the preceding description of the configurations will provide
those skilled in the art with an enabling description for
implementing described techniques. Various changes may
be made in the function and arrangement of elements
without departing from the spirit or scope of the disclosure.

Having described several example configurations, various
modifications, alternative constructions, and equivalents
may be used without departing from the spirit of the dis-
closure. For example, the above elements may be compo-
nents of a larger system, wherein other rules may take
precedence over or otherwise modily the application of the
technology. Also, a number of steps may be undertaken
betfore, during, or after the above elements are considered.
Accordingly, the above description does not bind the scope
of the claims.

As used herein and 1n the appended claims, the singular
forms “a”, “an”, and “the” include plural references unless
the context clearly dictates otherwise. Thus, for example,
reference to “a user” includes reference to one or more of
such users, and reference to “a processor’ includes reference
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to one or more processors and equivalents thereof known to
those skilled 1n the art, and so forth.

Also, the words “comprise”, “comprising”’, “contains”,
“containing”’, “include”, “including”, and “includes”, when
used 1n this specification and in the following claims, are
intended to specily the presence of stated features, integers,
components, or steps, but they do not preclude the presence
or addition of one or more other features, integers, compo-
nents, steps, acts, or groups.

It 1s also understood that the examples and embodiments
described herein are for illustrative purposes only and that
vartous modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of
the appended claims.

What 1s claimed 1s:

1. A computer-implemented method for extracting data
from obituaries, the method comprising:

recelving an image;

recognizing text in the image;

determining that the image contains at least one obituary;

segmenting the image 1nto a plurality of sections;

determining that a section of the plurality of sections
contains an obituary of the at least one obituary, the
obituary containing a plurality of words and corre-
sponding to a deceased individual; and

assigning, using an enftity tagging machine learning (ML)

model, an entity tag from a set of entity tags to each of

one or more words of the plurality of words, wherein

cach particular enfity tag from the set of entity tags

includes a relationship component and a category com-

ponent, wherein the relationship component indicates a

relationship between a particular word of the plurality

of words to which the particular entity tag 1s assigned

and the deceased individual, and wherein the category

component indicates a categorization of the particular

word to a particular category from a set of categories;

wherein, prior to assigning the entity tag, the enfity

tagging ML model 1s tramned by:

receiving a plurality of imnput words corresponding to an
input obituary;

creating a first training set based on the plurality of
input words;

training the entity tagging ML model 1n a first stage
using the first training set;

creating a second traiming set including a subset of the
plurality of input words to which entity tags were
incorrectly assigned after the first stage; and

training the entity tagging ML model 1n a second stage
using the second training set.

2. The computer-implemented method of claim 1,
wherein the entity tagging ML model 1s a neural network.

3. The computer-implemented method of claim 1,
wherein the relationship component 1s selected from the
group comprising: SELF, SPOUSE, CHILD, SIBLING, and
PARENT.

4. The computer-implemented method of claim 1,
wherein the category component 1s selected from the group
comprising: PERSON, PLACE, DATE, and AGE.

5. The computer-implemented method of claim 1, further
comprising;

predicting, using a gender prediction ML model, a gender

for each of the plurality of words for which the category
component of the particular entity tag that 1s assigned
1s PERSON.

6. The computer-implemented method of claim 1, further
comprising;
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assigning, using a name assignment ML model, a name
part tag from a set of name part tags to each of the
plurality of words for which the category component of
the particular entity tag that 1s assigned 1s PERSON,
wherein the set of name part tags at least includes

GIVEN NAME, SURNAME, and MAIDEN NAME.

7. A computer-implemented method for extracting data
from obituaries, the method comprising;:

receiving an i1mage;

segmenting the image nto a plurality of sections;

determining that a section of the plurality of sections

contains an obituary containing a plurality of words,
the obituary corresponding to a deceased individual;
and

assigning, using an entity tagging machine learning (ML)

model, an entity tag from a set of entity tags to each of

one or more words of the plurality of words, wherein

cach particular enftity tag from the set of entity tags

includes a relationship component and a category com-

ponent, wherein the relationship component indicates a

relationship between a particular word of the plurality

of words to which the particular entity tag 1s assigned

and the deceased individual, and wherein the category

component indicates a categorization of the particular

word to a particular category from a set of categories;

wherein, prior to assigning the entity tag, the entity

tagging ML model 1s trained by:

receiving an input obituary containing a plurality of
input words;

creating a first training set based on the plurality of
input words;

training the enftity tagging ML model 1n a first stage
using the first training set;

creating a second training set including a subset of the
plurality of mput words to which entity tags were
incorrectly assigned after the first stage; and

training the entity tagging ML model 1n a second stage
using the second training set.

8. The computer-implemented method of claim 7,
wherein the entity tagging ML model 1s a neural network.

9. The computer-implemented method of claim 7,
wherein the relationship component i1s selected from the
group comprising: SELF, SPOUSE, CHILD, SIBLING, and
PARENT.

10. The computer-implemented method of claim 7,
wherein the category component 1s selected from the group
comprising: PERSON, PLACE, DATE, and AGE.

11. The computer-implemented method of claim 7, further
comprising;

recognizing text in the image.

12. The computer-implemented method of claim 7, fur-
ther comprising:
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predicting, using a gender prediction ML model, a gender
for each of the plurality of words for which the category

component of the particular entity tag that 1s assigned
1s PERSON.

13. The computer-implemented method of claim 7, fur-

ther comprising:
assigning, using a name assignment ML model, a name
part tag from a set of name part tags to each of the

plurality of words for which the category component of
the particular entity tag that 1s assigned 1s PERSON,

wherein the set of name part tags at least includes
GIVEN NAME and SURNAME.
14. A non-transitory computer-readable medium compris-

ing instructions that, when executed by one or more pro-
cessors, cause the one or more processors to perform opera-
tions comprising:

receiving an obituary containing a plurality of words, the

obituary corresponding to a deceased individual; and

assigning, using an entity tagging machine learning (ML)

model, an entity tag from a set of entity tags to each of

one or more words of the plurality of words, wherein

cach particular enfity tag from the set of entity tags

includes a relationship component and a category com-

ponent, wherein the relationship component indicates a

relationship between a particular word of the plurality

of words to which the particular entity tag 1s assigned

and the deceased individual, and wherein the category

component indicates a categorization of the particular

word to a particular category from a set of categories;

wherein, prior to assigning the entity tag, the entity

tagging ML model 1s trained by:

receiving an nput obituary containing a plurality of
input words;

creating a first training set based on the plurality of
input words;

training the enftity tagging ML model 1n a first stage
using the first training set;

creating a second traiming set including a subset of the
plurality of input words to which entity tags were
incorrectly assigned after the first stage; and

training the entity tagging ML model 1n a second stage
using the second training set.

15. The non-transitory computer-readable medium of
claim 14, wherein the entity tagging ML model 1s a neural
network.

16. The non-transitory computer-readable medium of
claiam 14, wherein the relationship component 1s selected
from the group comprising: SELF, SPOUSE, CHILD, SIB-
LING, and PARENT.

17. The non-transitory computer-readable medium of
claim 14, wherein the category component 1s selected from

the group comprising: PERSON, PLACE, DATE, and AGE.
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